Background: Pemetrexed (PEM) is an efficacious multi-targeted antifolate with acceptable toxicities for non-squamous non-small cell lung cancer (nonSq NSCLC). However, in the clinical setting, PEM has more severe adverse effects than those reported. The aim of this study was to identify the factors for the toxicities of PEM-containing chemotherapy in non-Sq NSCLC patients in the clinical setting. Patients and Methods: We retrospectively evaluated the factors related to PEM toxicities in chemotherapy-naive patients with non-Sq NSCLC from September 2009 to July 2013 at our hospital. Logistic regression model was used in the univariate and multivariate analyses. Results: In total, 104 patients were analyzed. Grades 3 to 5 hematologic toxicities were frequent and included neutropenia (42%), febrile neutropenia (7%), anemia (18%), thrombocytopenia (17%), and disseminated intravascular coagulation (2%). On multivariate analyses, the predictors were poor performance status (PS) [odds ratio (OR): 4.89, 95% confidence interval (CI): 1.22 -19.4] and low body mass index (OR: 1.44, 95% CI: 1.05 -1.98) for febrile neutropenia; concomitant chronic infectious disease (OR: 6.63, 95% CI: 1.59 -27.5) and bevacizumab use (OR: 3.57, 95% CI: 1.36 -9.32) for neutropenia; poor PS (OR: 3.02, 95% CI: 1.33 -6.85) for thrombocytopenia; and low serum albumin level (OR: 0.22, 95% CI: 0.08 -0.63) for non-hematologic toxicities. Conclusions: In addition to the previously reported predictors of PEM toxicities, the presence of concomitant chronic infectious disease was associated with hematologic toxicities. Patient groups who are not sufficiently evaluated in clinical trials should be carefully monitored for the development of more toxicities than expected.
Introduction
Lung cancer is the major cause of cancer-related deaths worldwide [1] [2] . Current guidelines recommend that newly diagnosed or chemotherapy-naive patients with advanced non-squamous non-small cell lung cancer (non-Sq NSCLC) who have good Eastern Cooperative Oncology Group Performance Status (PS) receive 4 to 6 cycles of platinum-based chemotherapy. Pemetrexed (PEM), which is an inhibitor of thymidylate synthase and other folate-dependent enzymes, including dihydrofolate reductase and glycinamide ribonucleotide formyl transferase, is one of the key effective drugs with mild toxicities for the treatment of non-Sq NSCLC [3] . Serum homocysteine and methylmalonic acid levels were identified as important predictive factors for severe toxicity caused by PEM. At present, patients are given vitamin B12 and folic acid supplementation before administration of PEM-containing chemotherapy [4] ; despite this PEM has been reported by some to induce severe hematologic toxicities [5] , rhabdomyolysis [6] , and renal failure [7] . To date, age, estimated glomerular filtration rate (eGFR), renal function, vitamin supplementation, ethnic origin, and regular use of nonsteroidal anti-inflammatory drugs have been the reported predictors of PEMrelated hematologic or non-hematologic toxicities [5] [8] [9] [10] [11] . The aim of this study was to explore the clinical and biochemical factors related to the toxicities of PEM-containing chemotherapy in patients with non-Sq NSCLC in the clinical setting.
Patients and Methods

Study Design and Patients
We analyzed patients with advanced non-Sq NSCLC who visited the Department of Respiratory Medicine of National Center for Global Health and Medicine between September 2009 and July 2013. Patients were excluded if they were not treated with PEM-containing chemotherapy as a first line regimen, if they received concurrent radiotherapy, or if chemotherapy was given as an adjuvant modality.
We retrospectively reviewed the medical records for hematologic and other clinical data from the date of treatment initiation to 28 days after the last administration of PEM. Hematologic and non-hematologic toxicities were graded ac- 
Statistical Analyses
To determine the predictors of adverse events, univariate and multivariate logistic regression analyses were performed. In the univariate analysis, the following 16 variables were included as explanatory variables: age, sex, PS, stage, smoking status, epidermal growth factor receptor (EGFR) mutation status, concurrent use of platinum (cisplatin or carboplatin), concurrent use of bevacizumab, renal function (eGFR or creatinine clearance), serum albumin level, lymphocyte count, concomitant chronic infectious disease, coexisting cancer, pretreatment with EGFR-tyrosine kinase inhibitor, and body mass index (BMI). Spearman's rank test was used to assess the correlation between the independent variables and each toxicity; a correlation coefficient of >0.3 indicated an association. For the selection of variables for multivariate analysis, a stepwise method was used with significance level set at a p-value of <0.15. In the multivariate analysis, statistical significance was determined with a two-sided test at a p-value of <0.05. All analyses were performed using SPSS Statistics software version 19 (IBM, New York, USA).
Results
Patients
Among 275 consecutive patients who visited our department, 104 patients with chemotherapy-naive advanced non-SQ NSCLC were treated with PEM-containing chemotherapy ( Figure 1) ; their characteristics are shown in Table 1 . Median age was 67 years, men comprised 54%, 87% were in stage IV, and 90% had a PS of 0 to 1. EGFR mutation was positive in 38%; never-smokers comprised 34%, whereas heavy smokers, defined as those who had a smoking index of more than 600, comprised 58%. Platinum doublet regimen was used in 87%, whereas bevacizumab was used in 28%. The BMI of 23% patients was lower than 18.5.
Chemotherapy-Related Toxicity
For grade 3 to 5 hematologic toxicities, neutropenia was observed in 42%, febrile neutropenia in 7%, anemia in 18%, thrombocytopenia in 17%, and disseminated intravascular coagulation in 2%. For grade 3 to 4 non-hematologic toxicities, anorexia was seen in 4%, nausea in 3%, rash in 3%, drug-induced pneumonitis in 2%, thromboembolic event in 2%, hyponatremia in 1%, hemoptysis in 1%, creatinine elevation in 1%. Table 3) .
Risk Factors for Toxicities
Twelve patients had concomitant chronic infectious disease (Table 4) secondary to hepatitis type B virus (n = 3), hepatitis type C virus (n = 2), human immunodeficiency virus (n = 1), latent Mycobacterium tuberculosis (n = 1), and non-tuberculous mycobacteria (n = 7). Of these patients, 10 experienced grade 3 to 4 hematologic toxicities, including febrile neutropenia in 17%, neutropenia in 83%, anemia in 8%, and thrombocytopenia in 33%.
Discussion
Poor PS, low BMI, concomitant chronic infectious disease, use of bevacizumab, and low serum albumin level were related to PEM-induced toxicities in patients with non-Sq NSCLC. The results were consistent with those of previous reports; use of bevacizumab was said to increase the risk for neutropenia and febrile neutropenia and poor PS was a risk for treatment-related deaths [12] [13] . Low BMI or muscularity was reported to be associated with high incidence of toxicities during chemotherapy for renal cell carcinoma that has undergone sorafenib treatment [14] and for metastatic breast cancer that has undergone capecitabine treatment [15] . Because 81% of PEM is bound to serum protein, the increased number of toxicities caused by hypoalbuminemia could be explained by the unbound PEM fraction in serum [16] .
We showed that majority of patients with concomitant chronic infectious disease were at risk for hematologic toxicities. Patients treated with PEM-containing chemotherapy were routinely given both folic acid (1000 mg/day) and vitamin B12 (1000 mg intramuscularly every 9 weeks) [4] . In addition, vitamin B6 supplementation was reported to decrease the incidence of serious drug-related toxicities, such as neutropenia, diarrhea, mucosal toxicity, and infection [4] This study had some limitations. One was its retrospective design. In addition,
we did not measure serum cystathionine, homocysteine, and vitamin B6 and B12 levels. In order to evaluate the need for vitamin supplementation in a specific patient population, we are currently doing a prospective study that measures serum markers.
Conclusion
This study that was performed in the clinical setting showed that, in addition to previously-reported predictors of adverse effects of PEM treatment, such as low BMI, poor PS, use of bevacizumab, and hypoalbuminemia, the presence of concomitant chronic infectious disease was also associated with hematologic toxicities. In the clinical setting, patient populations that have not been sufficiently evaluated in clinical trials should be carefully monitored for more toxicities than expected.
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